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In RANP#72, Further Enhanced MTC for LTE WI was approved [1] that included a task to support the higher data rate than 1Mbps for voice capable wearable devices and health monitoring devices. To support more than 1Mbps larger TBS size supporting agreements were made in the previous meeting. In this contribution, we share our views on the design for larger maximum TBS. 
· In the last RAN1 meeting the following was agreed [2]: 
	Agreement:
· The wider bandwidth operation is enabled by eNB.
· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.
· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.

Agreement:
· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.
· Idle mode operations reuse the Rel-13 eMTC design.
· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.
· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:
· The larger max. DL TBS is at least 2984 bits.
· The larger max. UL TBS is at least 2984 bits.
· For Rel-14 FeMTC UEs with larger TBS and channel BW:
· Idle mode operations reuse the Rel-13 eMTC design.

Agreement:
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.
· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.



TBS/MCS design
UE with 1.4 MHz bandwidth in TDD/HD-FDD 
According to the previous meeting agreements [2], maximum UL TBS for CE Mode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD can support 2984 bits. On the other hand, DCI format 6-0A for CE Mode A contains only 4-bit MCS indexes; Hence, 4-bit MCS indexes only support 1736 bits with 1.4MHz shown in the table 1 below (TBS table 7.1.7.2.1-1, NPRB = 6 and ITBS = 14 [3]). In order to support 2984 bits with 1.4MHz bandwidth, at least MCS value of 23 (IMCS = 23) should be included as indicated in Table 2 (Table 8.6.1-1 [3]) IMCS = 23 corresponding to 2984bits. In other words, UE should support 64-QAM transmissions.


Proposal 1: 64-QAM transmissions should be supported for UL TBS 2984 bits for 1.4MHz channel bandwidth.

Table 1: Transport block size table [3]

	

	


	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032

	11
	176
	376
	584
	776
	1000
	1192

	12
	208
	440
	680
	904
	1128
	1352

	13
	224
	488
	744
	1000
	1256
	1544

	14
	256
	552
	840
	1128
	1416
	1736

	15
	280
	600
	904
	1224
	1544
	1800

	16
	328
	632
	968
	1288
	1608
	1928

	17
	336
	696
	1064
	1416
	1800
	2152

	18
	376
	776
	1160
	1544
	1992
	2344

	19
	408
	840
	1288
	1736
	2152
	2600

	20
	440
	904
	1384
	1864
	2344
	2792

	21
	488
	1000
	1480
	1992
	2472
	2984

	22
	520
	1064
	1608
	2152
	2664
	3240

	23
	552
	1128
	1736
	2280
	2856
	3496

	24
	584
	1192
	1800
	2408
	2984
	3624

	25
	616
	1256
	1864
	2536
	3112
	3752

	26
	712
	1480
	2216
	2984
	3752
	4392

	26A
	632
	1288
	1928
	2600
	3240
	3880




Table 2: Modulation, TBS index and redundancy version table for PUSCH [3]
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	TBS Index
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	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	1
	0

	2
	2
	2
	0

	3
	2
	3
	0

	4
	2
	4
	0

	5
	2
	5
	0

	6
	2
	6
	0

	7
	2
	7
	0

	8
	2
	8
	0

	9
	2
	9
	0

	10
	2
	10
	0

	11
	4
	10
	0

	12
	4
	11
	0

	13
	4
	12
	0

	14
	4
	13
	0

	15
	4
	14
	0

	16
	4
	15
	0

	17
	4
	16
	0

	18
	4
	17
	0

	19
	4
	18
	0

	20
	4
	19
	0

	21
	6
	19
	0

	22
	6
	20
	0

	23
	6
	21
	0

	24
	6
	22
	0

	25
	6
	23
	0

	26
	6
	24
	0

	27
	6
	25
	0

	28
	6
	26
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3



To support higher MCS indexes, we need to consider how eNB indicates higher MCS indexes such as IMCS 23 to UE. There are the two possible approaches. The first approach is to define, a new DCI format to support higher MCS. The second approach is to simply change the interpretation of one of the legacy DCI formats. The second approach is much simpler because it allows the reuse one of the existing DCI formats with the RRC signaling based configuration to indicate the new UE behavior. This approach has the minimum impact on the specifications. For example, when UE receives the interpretation indication via RRC signaling the UE could switch to the new MCS index interpretation where each MCS index maps to every other alternate MCS value. For example, an offset indicator is used to define whether the MCS starts from index 0 or 0 + offset value. Additionally, a new MCS index interpretation supports the interlace MCS value such as only supporting odd or even MCS value. This method allows supporting higher MCS values as well as it dynamically adapts to the channel conditions. 

Proposal 2: RRC signaling based change of the interpretation of MCS values of the legacy DCI formats should be supported. Details of interpretation should be discussed.

BL UEs supporting larger UE channel BW
According to the previous RAN1 meeting agreements, a larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz for Rel-14 BL UEs in CE mode A. In addition, this eNB/UE can support at least 2984 bits for PUSCH/PDSCH. The support for both the larger TBS and wider bandwidth allows us to consider whether 64-QAM transmissions should be supported for MTC UL in LTE Rel-14. The 64-QAM transmission has a benefit of requiring a smaller number of RBs to carry a given TBS resulting in more scheduling flexibility to the eNB and higher efficiency. In UL case, narrow band usage has a better link budget and performance due to higher PSD of the received signal at the eNB. Additionally, as mentioned above, Rel.14 TDD/HD-FDD UEs should support 64-QAM transmission to transmit 2984 bits. Therefore, BL UEs supporting larger maximum BW also support the 64-QAM modulation. A new DCI format for 64-QAM is FFS.
Proposal 3: BL UEs supporting larger maximum BW also should support the 64QAM modulation.

Conclusions
In this contribution, we provided our views on design for larger maximum TBS size. We have following proposals:
Proposal 1: 64-QAM transmissions should be supported for UL TBS 2984 bits for 1.4MHz channel bandwidth.

Proposal 2: RRC signaling based change of the interpretation of MCS values of the legacy DCI formats should be supported. Details of interpretation should be discussed.

Proposal 3: BL UEs supporting larger maximum BW also should support the 64-QAM modulation.
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